INTRODUCTION
Intravenous (IV) infusion of tissue plasminogen activator (tPA) is the only US Food and Drug Administration (FDA) approved IV thrombolytic for acute ischaemic stroke. 1 After the FDA approval in 1996, the American Heart Association/American Stroke Association (AHA/ASA) recommended IV thrombolysis with tPA for patients with acute ischaemic stroke who are eligible to be treated within 0-3 h after symptom onset and recently expanded the recommendation to use IV tPA for selected patients within 3-4.5 h after the onset of acute ischaemic stroke. [1] [2] [3] Other organisations have similarly recommended treatment within 0-4.5 h after acute ischaemic stroke onset. [4] [5] [6] The recommendations were based on a strong body of clinical evidence from several trials, including the National Institute of Neurological Disorders and Stroke tPA trial, Alteplase Thrombolysis for Acute Non-interventional Therapy in Ischemic Stroke trial, Stroke in Thrombolysis Study, and the European Cooperative Acute Stroke Study I, II and III. [7] [8] [9] [10] [11] [12] These trials confirmed that the use of IV tPA within 0-4.5 h after the onset of stroke could be used safely and improved clinical outcomes 3 months post-stroke.
Although some studies examined inpatient costs of stroke by type of stroke, diagnosis status, age group and discharge destination, 13 14 no study has examined the inpatient costs for acute ischaemic stroke by IV tPA status, especially for patients younger than 65 years of age. The purpose of this study is to estimate inpatient costs per acute ischaemic stroke hospitalisation from the healthcare payers' perspective by IV tPA use status and patient characteristics, and to examine sociodemographic factors affecting IV tPA use to identify characteristics of those who have limited access to IV tPA.
METHODS
We identified all inpatient hospitalisations with a primary diagnosis of acute ischaemic 15 The database has been used to estimate hospitalisation costs for various health conditions. 14 15 Owing to a relatively low prevalence of acute ischaemic stroke in adults younger than 65 years of age and a markedly low level of IV tPA use among those who have acute ischaemic stroke, we pooled 4 years MarketScan data to increase our sample size for analyses.
In the selection process of the study sample (n=60 417, figure 1), we excluded: (1) patients with repeat hospitalisations with a primary diagnosis of acute ischaemic stroke during the study period because patients with a prior stroke within 3 months are not recommended for IV tPA 1 and patients with repeated hospitalisations due to stroke may not be typical patients and require intensive care; (2) patients with missing variables of interest such as residence region or discharge destination, main independent variables in our study, and enrollee ID, which was used to define repeated acute ischaemic stroke hospitalisations during the study period; (3) patients younger than 18 or older than 64 years of age because the data mainly covered patients younger than 64 years, and patients younger than 18 years are not recommended for IV tPA 1 ; (4) hospitalisations associated with a capitated health insurance plan because total payment does not reflect the medical services provided for each health condition; (5) hospitalisations with intra-arterial tPA by using ICD-9-CM procedure code 99.10 (injection or infusion of thrombolytic agent) and 39.74 (endovascular removal of obstruction from head and neck vessels) and (6) hospitalisations with a cost below the 1st or above the 99th centile to reduce the influence of extreme values on the cost estimates.
Hospitalisations associated with IV tPA were identified by using ICD-9-CM procedure code 99.10. Our main outcome measure was the total hospital cost per hospitalisation from the healthcare payers' perspective, which was the sum of payments received by all providers associated with a hospitalisation. All costs were inflated to 2013 US dollars using the Consumer Price Index (CPI) in Medical Care from the Bureau of Labor Statistics. 16 First, we examined factors affecting IV tPA use, including age, gender, urbanisation, region, Charlson comorbidity index (CCI), and year of hospitalisation, by using logistic regression. Next, we examined average inpatient cost per hospitalisation associated with acute ischaemic stroke. We conducted univariate comparisons of the average inpatient cost per hospitalisation for the IV tPA and the non-tPA groups using t tests. Comparisons were conducted for each sociodemographic group as well as for all patients. Last, we examined factors affecting hospitalisation cost associated with acute ischaemic stroke using ordinary least squares. IV tPA use, age, gender, urbanisation, region, length of hospital stays (LOS), CCI, discharge destination and year of hospitalisation were used as independent variables. The CCI was derived by using secondary diagnosis codes of up to 18 different conditions, which partly captured the severity of overall health. 17 We further examined the impact factors on the hospitalisation cost by LOS, which could be highly correlated with severity of stroke. We used three categories of LOS (<2, 2-4 and 5 or more days) for analyses. All statistical analyses were performed using SAS V.9.3 (SAS Institute Inc, Cary, North Carolina, USA).
RESULTS
Among the 39 149 hospitalisations during the study period, 2546 hospitalisations received IV tPA (6.5%). This IV tPA group differed significantly from the non-tPA group (n=36 603) across most sociodemographic characteristics (age, urbanisation, region, CCI, LOS and discharge destination) (table 1). Those who received IV tPA were younger, more likely to live in an urban area, more likely to be discharged to a rehabilitation facility, less likely to be discharged to home, and had a longer LOS than those who did not receive IV tPA. Those who did not receive IV tPA had a higher CCI than those receiving IV tPA.
Patients aged 45-64 years, living in a rural area, or who had a higher CCI were less likely to receive IV tPA (table 2) Across all hospitalisations, the average inpatient cost per hospitalisation with a primary diagnosis of acute ischaemic stroke was $20 331 (table 3) . Cost for the non-tPA group averaged $19 563 per hospitalisation while the cost averaged $31 369 per hospitalisation among those who received IV tPA. The mean difference in inpatient cost per hospitalisation between the IV tPA and the non-tPA groups was $11 806 and increased with age and LOS.
LOS, discharge destination and use of IV tPA were the three most significant factors in our analysis associated with inpatient costs per acute ischaemic stroke hospitalisation (table 4). LOS of 5 or more days were associated with an additional $18 822 per hospitalisation compared to LOS of <2 days. Hospitalisations with a primary diagnosis of acute ischaemic stroke that resulted in a non-home discharge destination were found to have a significantly higher hospital cost compared to those with a home discharge destination ($5002 for discharging to a rehabilitation facility; $6407 for discharging to a shortterm hospital, skilled-nursing facilities, or other non-home facilities; $19 438 for expired). Use of IV tPA was associated with increased hospital costs of $9195 ( p value <0.01, (95% CI $8546 to $9844)) per acute ischaemic stroke hospitalisation. The average increase in the inpatient cost per hospitalisation associated with IV tPA was $7453 (95% CI $6328 to $8577) for LOS of <2 days; $9386 (95% CI $8842 to $9929)) for LOS of 2-4 days; and $9409 (95% CI $7656 to $11 163 ) for LOS of 5 or more days.
DISCUSSION
In this study, we found that estimated hospitalisation costs for patients with acute ischaemic stroke were substantial. Average inpatient cost per hospitalisation of acute ischaemic stroke was $20 331. The use of IV tPA was significantly associated with age, metropolitan statistical area, region, CCI and year of hospitalisation. Owing to known contraindications for the use of IV tPA, the finding that those with a high CCI group were less likely to receive IV tPA than the low CCI group was expected. 1 Higher use of IV tPA among those who lived in a metropolitan statistical area is most likely related to increased timely access to a stroke centre.
We also found that IV tPA was one of the factors which affected hospitalisation costs of acute ischaemic stroke. The significant difference in hospitalisation costs between the IV tPA and the non-tPA groups in the current study was consistent with previous estimates in cost-effectiveness of IV tPA studies from the USA. A previous study by Fagan et al 18 estimated that the hospitalisation cost among the IV tPA group was $1747 higher than the cost for the non-tPA group in 1996 US dollars. A recent study estimated that the use of IV tPA increased the cost per hospitalisation by $4423 ($2750 for tPA cost; $467 for consult physician cost; and $1206 for intensive care unit (ICU) cost) than the non-tPA group, using the 2010 hospital billing data from South Carolina. 19 Also, a third study by Boudreau et al 20 showed that the estimated cost associated with IV tPA therapy, including drug, administration and monitoring costs, was $6083 in 2011 US dollars by using Medicare reimbursement rates while this study's estimates are IV tPA associated costs including possible complications.
Another cost-effectiveness study by Tung et al 21 used the hospitalisation costs with and without IV tPA from nationwide estimates of Medicare costs with a retrospective approach from a study by Young et al, 22 which was similar to the approach in our study, for their model. The adopted hospital costs associated with IV tPA was $9417 in 2010 US dollars. 21 The costs are closely akin to our results but are far different from the cost estimate from Boudreau et al. 20 The higher cost of the IV tPA group in our study and in the study by Tung et al 21 might be due to costs associated with IV tPA other than the drug, administration and ICU monitoring costs.
When we compared inpatient cost estimates from our study with the cost estimates from the previous study by Fagan et al, 18 we found a large increase in the inpatient costs per acute ischaemic stroke hospitalisations, especially among those who received IV tPA therapy. The short-term hospitalisation cost for the IV tPA group increased from $16 671 in 1996 US dollars 18 to $31 369 (table 3) in 2013 US dollars. The cost for hospitalisations not using tPA also increased ($14 923 in 1996 US dollars 18 vs $19 563 (table 3) in 2013 US dollars), but the hospital cost increase among hospitalisations not using tPA was much smaller than the increase among hospitalisations using IV tPA (non-tPA vs IV tPA; $4640 vs $14 698). The short-term hospital cost increased by 31% and by 88% among the non-tPA group and IV tPA group, respectively, while there was an 86% increase in the average price of medical care between 1996 and 2013 in the USA (CPI in Medical Care 228.2 in 1996 vs 425.1 in 2012). 16 This asymmetric increase in hospital costs could be caused by multiple factors. First, the drug price of tPA has increased over time. The wholesale price of tPA was $2750 in 1996 US dollars 18 and was $6525 in 2013 US dollars. 20 Although tPA drug cost paid by hospitals could be lower than the wholesale price, the wholesale price can serve as an indicator of the price paid by hospitals. Next, despite decreasing LOS for both the IV tPA and the non-tPA groups over time, LOS of the non-tPA group decreased more than the LOS of the IV tPA group during the past 20 years. Acute ischaemic stroke hospitalisations not using tPA reported average LOS of 12.4 days in 1995 18 and 4.1 days (table 1) during 2010-2013, while acute ischaemic stroke hospitalisations using IV tPA reported average LOS of 10.9 days in 1995 18 and 4.6 days (table 1) during 2010-2013. Lastly, the in-hospital care after IV tPA most likely increases the hospital cost. After receiving IV tPA, most patients are monitored in an ICU or specialised stroke unit which adds to the cost. Although this study and the existing literature consistently found that acute ischaemic stroke hospitalisations using IV tPA encountered higher hospital costs than acute ischaemic stroke hospitalisations not using tPA, IV tPA within 0-3 h after the onset of stroke has been shown to be a cost-saving strategy in the long term because of the long-term benefit of IV tPA resulting in less disability. 16 18 19 In addition, IV tPA improves the quality adjusted life years (QALYs) for acute ischaemic stroke survivors. 16 18-20 Another positive finding is the increased use of IV tPA in recent years. Our study shows that, on average, 6.5% of hospitalisations were associated with IV tPA therapy during 2010-2013. The OR confirmed that, even in this short study period, the proportion of patients with acute ischaemic stroke who received IV tPA therapy increased each year, with the odds of receiving IV tPA increasing by 21% from 2010 to 2011, by 26% from 2010 to 2012, and by 50% from 2010 to 2013. In the late 1990s, nationally only 2-3% of patients with stroke received IV tPA. 23 In the 2000s, the national estimates increased from 1% to 5%, [24] [25] [26] but still a few patients with acute ischaemic stroke received IV tPA. Our estimates of the use of IV tPA may be conservative due to the fact that most patients experiencing acute ischaemic stroke are likely to be covered by Medicare and are not included in this study.
We want to emphasise that accurate hospital cost information can be used as a key input for cost-effectiveness analyses of treatments for acute ischaemic stroke. Cost-effectiveness evaluations of public health programmes are sensitive to cost information as well as health outcomes achieved from the programmes. Unlike IV tPA from 0 to 3 h after the onset of acute ischaemic stroke, which consistently showed the improvement of health outcomes and the long-term cost-saving impact among patients with IV tPA, IV tPA from 3 to 4.5 h after the onset of stroke increased short-term and long-term costs. Two studies examining the cost-effectiveness of IV tPA between 3 and 4.5 h after the onset of stroke in the USA showed that IV tPA improved QALYs but increased the lifetime cost. Although IV tPA from 3 to 4.5 h after the onset of stroke is recommended by AHA/ASA, IV tPA use for the extended time window is not approved by FDA yet. 27 In addition, inpatient cost per hospitalisation with IV tPA is important baseline information for studying the cost-effectiveness of advanced stroke treatment, such as intra-arterial (IA) thrombectomy as an adjunct to IV tPA. Additional cost-effectiveness analyses of IV tPA are needed to provide more information, which will be helpful for decision-makers, and the findings of this study could be an important input for further costeffectiveness analyses of IV tPA.
There are some limitations in this study. First, while the median age of patients with stroke in stroke trials was 68 years, 16 it is limited to patients aged 18-64 years because of the characteristics of the data set used by us. In addition, the study sample included only those who were covered by private insurance and does not reflect hospitalisations for those with Medicare or without any insurance. Since hospital costs with and without IV tPA for adult patients who were younger than 65 years had not been included in previous study samples, we believe that this study is a reasonable complement to previous estimates using Medicare reimbursement rates. 20 Second, MarketScan does not provide data about severity of stroke. Since IV tPA is not recommended for those who have very mild stroke, the non-tPA group may include those for whom IV tPA is not recommended. However, we indirectly considered the severity of stroke through analyses with LOS categories and controlling for a CCI and hospital discharge destination. Last, hospitalisations with IA therapy could not be separately examined because of the very low frequency (n=137). Despite these limitations, our study derived a reasonable estimate of hospitalisation costs with and without IV tPA.
CONCLUSIONS
This study found that IV tPA use, which can improve health outcomes of acute ischaemic stroke survivors, increased in recent years. However, inpatient cost per acute ischaemic stroke hospitalisation is substantial, especially for those who received IV tPA. Despite the fact that many studies have claimed that IV tPA is cost-effective or cost-saving in the long-term, the immediate hospitalisation costs by IV tPA use in a younger population have not been rigorously evaluated. Future cost-effectiveness studies of stroke treatments should consider such information as inputs, especially when studying the cost-effectiveness of IV tPA alone versus in combination with IA therapy.
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